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CHAFACTEXISTICS OF A J47D PRMloTYpE (EIx1-1) TURE4lJET ENGINE 

By M. J. S a m 3  and J. T. Flintler 

An investigation hEls been conducted In the XACA Lewis a l t i tude wid 
tunnel t o  determine the over-all performance of a  prototype model of the 
J4zD (RX1-1) turbo jet engine operating w i t h  a f ixed-area  exhaust  nozzle. 
Data were obtained f o r  a range of engine speeds a t   a l t i t udes  f r o m  5000 t o  
55,000 f ee t  asd flight Mach numbers from 0.18 to 0.71. The performance 
data were generalized by several methods t o  determine the r-e of flight 
conditions f o r  which performance could be predicted from data  obtained a t  
a  given flight condition. 

Generelized  engine  performance data indicated that data obtained 
at a given al t l tude and f l i @ t  Xach nmiber could be wed t o  predict 
net t-t for alt i tudes up to 55,000 fee t   a t   a l l   cor rec ted  engine 
speda , a i r  flow for alt i tudes up t o  45,000 f ee t  w i t h  reasonable accuracy 
over most of the corrected engine speed range., and performaace vaxiables 
dependent on fuel. flow for   a l t i tudes up t o  35,000 feet  with minimum 
error a t  high  corrected engine speedEl- Generalization of engine per- 
formance in terms of pumping characteristics  .indicated that data 
obtained at one flight condition  could be wed to predict Jet  thrust 
m& specific fuel consumption at another flight  condition wfthin a 
relatively wtde range of alt i tude,  flight Mach number, and engine 
total-temperature  ratios. 

A minimum specffic fuel  consmptlon of 1.05 was obtained at 8x1 
engine speed of 6600 rpm i o r  a l t i tudes frm 60GO t o  35,000 feet at a 
f l fgb t  Mach  number of 0.18. An increase  in  f l ight Mach number from 
0.18 t o  0.71 a t  en al t i tude of 25,000 feet  raiaed  the minimum specific 
fue l  consumption from 1.05 t o  1-27 az4a. these values  occurred at engine 
speeds of 6600 an3 7300 ~~III, rmpectivelg. The increase i n  exhaust-gas 
temperature and the result ing reduction i n  temperature-limited engine 

for a vaziable-area exhaust nozzle f o r  operation at rated engine  speed 
a t  hFgh altitu.des an& lax f l igb t  Mach numbers. 

I . speed, which occurred w i t h  an increase in  altitude,  indicated the need 
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INTROIXTCTION 

NACA FM E51B06 

An inveetigation was condmted in   the NACA Lewis al t i tude w i n d  
tunnel t o  evaluate  the perfomnancre of a J47D prototype (RX1-1) turbojet 
engine and its integrated  eleotrunic  oontrol w i t h  and without  exhaust 
reheat under steady-etate and traneient  operating  conditions. AB p a r t  
of the owr-&ll program, data on engine performance, component perfom- 
ance, and operat ional   character ie t ics~~ere obtained  Kith fixed- and 
variable-area exhaust nozzles. The performance of a 3471) (RXl-1) 
engine aperating with .a fixed-mea exhaust  nozzle i e  presented  .herein. 

The variation of engine performance variables w i t h  engine speed 
~EI sham graphically f o r  simulated alt i tudes from 6000 t o  55,000 fee t  
a t  a flight Mach  number of 0.18 ami for flight Mach numbera frm 0.18 
t o  0.71 at an alt i tude of 25,000 f ee t .  Perf'omnance data are gener- 
alized t o  determine the su i tab i l i ty  Crp aorrection  factore f o r  prediot- - 
ing w i n e  performance over a range of' flight conditiona from data 
obtained at a given f l i gh t  condition.  Generalization in t e r n  of 
engine pumping characteristics ia a l so  presented. A l l  performance data 
obtained i n  this inveetigation are prelsented i n  tabular form. 

APPp;RATII;s 

w i n e  

The J47D (RX1-1) engine wed in the   a l t i tude-wind- tu1   invee t i -  
p t i 0 H  ha3 no of f ic ia l  manuf%aturer's rating; however it has a minimum . 
sea-level  static-thrust rating (with the af'terburner not  operating) of 
5700 pomds at an engine speed of 7950 rpm and a turbine-outlet exhaust,: 
gae temperature of 1275' F; at this   ra t ing the engine a i r  fluw is apprax- 
imately 99 POW per  second The engine has a twelve-stage  axial-flow 
oompressor wlth a preesure r a t i o  of about 5.1 at   ra ted engine  speed, 
eight cylindrioal direct-flaw-type  cmbwtion chambere,  and a single- 
stage impulee turbine. For these t es te  a f ixed-area exhaus't nozzle was 
wed. The exhaurJt nozzle med in  th i s  inveetigatlon has an outlet area 
of 285.5 square inchee, which  producels a turbine-outlet temperature of 
1275' F at an a1titx.de of 5000 feet ,  a flight Mach  number of 0.18, and 
&z1 engine epeed of 7950 rpm. The mer-all length of the engine  wlthout 
the e a w t  nozzle is 143 inches, the mximum diameter Fe approxhte ly  
37 hwhee, and the  total  weight is 2475 pounds. 

Imta l l a t ion  

The engine w ~ b 3  mounted on 8 wing i n  the tunnel b e t  section 
(fig. 1) . Dry refrigerated  air  waa supplied t o  the engine f m m  the 
t m e l  make-up air  system throw a duct connected t o  the engine 

lu 
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i n l e t .  Engine th-rust and drag measurements by the  tunnel balance scales 
were made p x s i b l e  by a fr ic t ionless  slip joint  located  in  the  duct 
upstream of the engine. The air .flow through the  duct was throt t led 
from approximetely sea-level pressure t o  a t o t a l  pressure E t  the  engine 
in l e t  corresponding to the desired flight M a c h  nmber at a given 
alt i tude.  

N 

E 
Instrumentation for measuring pressures and temperatures was 

installed at varioue s ta t ions  in   the engine ( f ig .  2 ) .  

PROCEDURE 

Engine perPonuance data were obtained over a range of engine speeds 
et the following  altitudes and f l i&t  Mach numbers : 

0 

Altitude Flight Mach number 
(ft = 1 

5,000 

.22 55,000 

.18 45,000 

.18, .5l 15,000 

0.18 
6,000 .18 

25,000 
35,000 

.18, .51, .71 
.18 

Complete ran pressure recovery at the compressor i n l e t  x- assumed in 
the  calculation of fli@t Mach number. w i n e   i n l e t - a i r  temperatures 
were held at approximately NACA standard values f o r  each f l i g h t  con- 
di t ion except for altitudes  abme 25,000 f ee t  where the lowest swine 
inlet -a i r  temperature  obtained W~EI about 436O R. Fuel conforming to 
specification KCL-F-5624 (AT?-F-58a), with a lower heating  value of 
18,900 Btu per potmd, w a ~  used throughout the  investigation. 

values were calculated from both the tunnel  balance-scele 
measurements and from values of gaa flow and jet velocity  obtained from 
meaauTBments by the  exhaust-nozzle-outlet survey rake. The exhaust- 
nozzle Jet  coefficient,  defined as the r a t i o  of sca le   j e t  thrust to 
rake jet thrust ,  is presented as a function of exhaust-nozzle  pressure 
r a t io  in figure 3. The engine performance presented  herein is based 
on thrust values  obtained frm scale measurements  inasmuch a8 t h i s  
method includes  the thrust losses  resulting from the  inefficiency of 
the  exhamt  nozzle. Symbols and. methods of' calculations are given in 
appendixes A and B, respectively. 
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All the data obtained i n  the performance inveatigation of the engine 
are compiled in table I. Inasmuch 88 engine inlet-ai r  temperatures 
balm 436* R were not. obtained ard because small er rom occurred in 
setting the  tunnel  atatic pressure, the data preeented graphicdly  in 
nongeneralized form have been adjusted t o  NACA st&& al t i tude con- 
ditions by use of the factors 6, and 8,. (See appendix A . )  

Eff  Etct of altitude. - Engine performance data at   a i t i tudes frm 
GO00 t o  55,000 f ee t  at a f li&t M a c h  number of approximately 0.18 are  
presented  in  figure 4 t o  ahow the effect af variations  in  altitude on 
net thrust, air flow, fue l  fl&, epeclfic f&l consumption, fuel-& 
r a t io ,  and exhaust-gas t o t a l  temperature. 

" . . - 

As the alt i tude was increaaed, engine net thrue t ,   a i r  flow, and 
f u e l  flow decreased ( f i e .   4 ( a )   t o  b ( c ) ) .  The specific fuel consumption 
w m  not si@f'icantly eSfectad by a change in   a i t i tuae  from 6000 t o  
35,000 f ee t  at engine speed8 above  6200 r ~ p n  ( f ig .  4(d)). A minimum 
specific fuel consumption of 1.05 pounds of f u e l  per pound of net thrust 
waa obtained at an engine speed of about 6600 rpn  f o r  alt i tudes fram 
6000 t o  35,000 feet .  A t  an alt i tude of 55,000 feet ,   the minlmm s p -  
cif'ic fue l  consumption inoreased t o  1.27 and occurred a t  an engine speed 
of 6800 rpn. This increase in specific fuel colllsumption is attributed 
t o  a reduction i n  component efficiencies a& partly t o  the  higher flight 
Mach number at which data were obtained at an alt i tude of 55,000 feet .  
In  general the fuel-air ratio increased with an fncrease i n  alt i tude 

. . - . . . . . 

(fig. 4 b ) S  

The exhaust-@ t o t a l  temperature (fig.  4 ( f ) )  wa8 not  greatly 
affected by an increaae i n  alt i tude from 6000 t o  25,000 feet at engine 
speeds above approximately 7200 rpm. The slope of the temperature 
curve increased w i t h  a change in alt i tude frm 6000 to 35,000 feet ,  
however, BO that  the temperature generally tended t o  increase  at high 
engine speeds and decreaee a t  low engine speeds EEI al t i tude w a s  
increased. A further  increase in alt i tude from 35,000 t o  55,000 feet  
reaulted in an increase i n  exhaust-gae t o t a l  temperature at ea& engine 
speed. li.lasmitch 88 engine-inlet  taperatures were higher  than f o r  NACA 
standard  altitude  conditions at the  higher  altitudes, the adjusted 
exhaust-gm tempratures do mt extend t o  the limiting temperature line. 
Extrapolation of the data  indicatee, however, that  an increase in  
alt i tude from 6000 t o  25,000 feet  would reduce the  temperature-limlt& 
engine speed from approximately 7920 t o  7780, where- a further  increme 
in   a l t i t ude   t o  55,000 fee t  would. reduce the temperature-limited speed 
t o  about 7100 rp. Obviously at high alt i tudes and low f l i gh t  Mach 
numbem a variable-axea  exhaust nozzle is required in  order t o  maintain 
rated e-ne s p e d  without  exceeding present exhaust-gas t q m + x r e  
limits. 

. 



H f e c t  of f lighL, Mach number. - Engine performance data for f l2gh t  
Mach numbers from 0.18 t o  0.71 at an alt i tude of 25,000 feet are pre- 
sented i n  ffgure S t o  show the  effect of variations  in f li&t Mmh 
number on engine net thrmst, air flow, fuel flow, spectPic fuel con- 
sumption, fuel-& ratio, and exhaust-gas total temperature. 

A t  lm engine epeeds, the net thrus.tr decreased with an increase 
i n   f l i a t  ~ a c h  number (fig. ~ ( a ) ) .  The ra te  of increase of net thrust 
wfth engine speed becane greater, however, as flight Mach  number was 
raised s o  that  at hi@ engine s.peeds the net thrust  increased with 
flight Mach nmhr. The engfne a i r  flow (fig. 5(b)) fncreased with 
an increase i n  fli@ Mach  number at all engine epee& . , An increase 
in flight M a c h  number reduced the engine f 1.181 flow (f fg. 5(c)) at 
engine speeds below 6000 rpn and increased  the fuel f lar at higher 
engine speeds. specific fuel consumption (fig.  5(d) ) increased with 
an increase in flight Mach  number at all engine epeeds. The minimum 
specific  fuel consumption increased fron 1.05 at a flight Mach number 
of 0.18 t o  1-22 a t  a flight Mach number of 0.51 and occurred at engine 
speeds of' 6600 and 7000 rp, respectively. A further  increase fn f l igh t  
Mach number to 0-71  increaaed  the mLnimm specif ic   fuel  consumption t o  
1.27 and occurred at an engine  speed of 7300 rpn. Extrapolation of the 
data  indicates that  at  tempratme-limited engine speed, an increase i n  
flight M a c h  number f r m  0.18 t o  0.51 would increase the specif ic   fuel  
consumption from about 1.15 %o 1.30, whereas a further increase in 
f l igh t  Mach m b e r  t o  0.73 would ra i se  the spec3fic  fuel consumption to 
about  1.32. Engfne fuel-air   ra t io   ( f ig .  5(e)) was reduced at all engine 
speeds by 89 increase in flight Mach nmber. The exhaust -gas t o t a l  
temperature (fig.  5(f)) decreased w f t h  an increase in  flight Mach nmber 
a t  a l l  engine speeb  but  the  effect w&8 mall in the  high engine-speed 
range. The taperature-limiked engine speed increased from 7850 rpn 
a t  a f Si&% M a c h  number of 0.51 to 7920 q m  at 8 f l i gh t  Mach nmber 
Of 0.71. 

Generalized performance. - Performance data for alt i tudes from 6000 
t o  55,000 fee t  and a f li&t Mach  number of 'ap?roxbately 0.18. have been 
generalized t o  standard  sea-Level  condit€ons by use of the correction 
factors 6 and 8; (See appendix A.)  The derivation of these factors 
(reference 1) does not account for the effect of fli@fit Mach number or 
for changes in com2onent efficiencies such as those  associated with 
variations i n  Begnolds numbers. Consequently, any changes in  flight 
Mach number or component efficiencfes lessen the po8sibility of defining 
engine gerformance variables obtained at variow  alt i tudes by a s-le 
curve. 

Zngine performance deta obtalned at altitudes from 6000 to 
55,000 feet & e flight Mach number of approxfmately 0.19 are presented 
i n  figure 6 to shm the effect of a l t i tude on the relation between 
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correct& engine speed and corrected  value@ of net thrust, air flow, 
fuel  flow, specific  fuel consumption, fuel-air   ratio,  and exhaust-gas - 
t o t a l  temperature. b ix 

s 
Corrected net  thrust   (f ig.   6(a)) reduced t o  a single curve for  

the entire range of al t i tudes and corrected engine  speeds investigated. 
The Corrected  engine a i r  flows (fig. 6 ( b ) )  formed a single curve for  
alt i tudes up t o  45,000 f e e t   a t  engine  speeds up t o  6300 rpm  and 
decreased wi th  an increase in al t i tude above 15,000 fee t  a t  higher 
engine  speeds.  Corrected a i r  flows a t  an alt i tude of 55,000 fee t  were 
scattered and vere  inconsistent with the  other  altitudes because of 
small variations  in  f l ight Mach  number from one engine speed t o  
another and because the average flight Mach  number was higher than that  
for  the data obtained a t  the other  altitudes. Corrected f'uel fluw 
(fig. 6 ( c )  ) , corrected  apecific  .fuel consumption (fig.  6(d) ) , cor- 
rected  fuel-air  ratio  (fig. S ( e )  ), and corrected  exhaust-gas to t a l  
temperature (fig. 6 ( f ) )  formed a single curve f o r  alt i tudes of 6600 
and 15,000 fee t  and also f o r  alt i tudes of 25,000 and 35,000 fee t  over 
most  of the range of corrected engine  speeds. With these exceptipna, 
each of the  generalized variables dependent on fuel  flow increased  with 
an increase in  altitude, which indicates a reduction  in engine CMIL- 
ponent efficiencies. Thus, 8 generalization of individual performsnce 
vaxiables  indicates that data obtained a t  a given al t i tude and f l i gh t  
Mach number could be used t o  predict (1) net thruat for alt i tudes up 
t o  55,000 f e e t   a t   a l l  corrected  engine speeds, (2)  a i r  flows for a l t i -  
tudes up t o  45,000 feet  with  reasonable  accuracy over most of the 
engine-speed range, and (3) fuel-flaw and performance variables depend- 
ent on fuel  flow f o r  alt$tudes up t o  35,000 feet  with minimum error at  
high corrected engine  speeds. 

Generalization  in terms of punping characteristics. - Engine 
perfomnance may be generalized in  t e r n  of the  over-all engine to ta l -  
temperature r a t io  and total-premure ratio,  which define  the  over-all 
change i n  available energy of the afr flawing through t h e  englne. 
Changes in  cmpnent  efficiencfes  with  altitude  lessen the poE6ibiiity 
of reducing  data t o  a s i n g l e   c m e .  

Within the range of' f l i gh t  conditione where the  relation between 
engine total-pressure  ratio and engine total-temperature ratio is 
defined by a single  line,  data  obtained at one flight  condition can 
be used t o  determine the exhawit-gas total pressure at another flight 
condition f o r  a given value of exhaust-gas total tmperature. Conse- 
quently, jet thrust can be calculated from equation (7) or (9) 
(appendix B) . 

The vmiation of engine total-temperature  ratio w i t h  engine to ta l -  
preseure r a t io  is shown i n  figure ?( a) for alt i tudes from 6000 t o  
55,000 f ee t  at a flight Mach number of approximately 0.18 and in I 
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figure 7(b)  f o r   f l i & t  Mach  numbera from 0.16 t o  0.7i at an alt i tude of 
25,000 feet .  R@ne total-temperature  ratios formed a single curve for 
a l l  en@m  -pressure ratios  investigated at altitutdes from 6000 t o  
35,000 feet .  An ir,crease in   a l t i tude above 35,000 f e e t  increased  the 
total-temperature r a t io  at each value of total-pressure  ratio  (f ig.  7(a)). 
EnGine totai-tanperatme  ratios f o r  f l i g h t  Ymch numbers gram 0.18 t o  
0.71 formed 8 single curve at engine  temperature ratios above 2.30 
( f ig .   7(b)) .  mus, data  obtained at m e  flight condition can be used 
t o  p e d i c t   j e t  thruat at another flight condition  within  the  followix 
ranges of ocerating  conditions: (i) alt i tudes up t o  25,000 feet srt 
5i&t Kach numbers fram 0.18 t o  0.71 and e+ne total-temperature 
ratiw above 2.30, and ( 2 )  zltitudos up t o  35,000 f e e t   a t  a flight 
Hach  number of 0.18 and engine  total-temperature ratios above 2.30. 
(Data were not  obtained at Mach nunbers above 0.18 o r  temperature 
ra t ios  below 2.80 at an alt i tude of 35,000 ft .)  

Another  method  of preoenting  engine pumping characteristics is 
sham in figure 8 where the engine total-pessure and to ta l - tagera ture  
ratios axe plot ted as functions of corrected  fuel f lm  f o r  alt i tudes 
from 6000 t o  55, cx?o feet at a flight Mach number of approxlmatelg 0.18 
(fig. 8(a)) and for flight l4mh numbers from 0.18 t o  0.71 at an alt i tude 
of 25,000 feet   ( f ig .  8( 'b ) ) .  In  order t o  account fo r   t he   r i s e   i n  t o t a l  
pressure and tempratme at the compressor i n l e t  w i t h  an i n c r e a e   i n  
f li&t Mach nwnber and thereby  elfminate  the  dispersion of data obtained 
a t   d i f fe ren t  fli&t Mach n-ers, the  fuel  f lar was corrected by the 
factors % and eT, which are based on t o t a l  pressure and t o t a l  temper- 
ature at the  cagressor  inlet,  res-ctively, and are defined in 
appendix A. Predictions or" engine performance from one f l i g h t  condi- 
t ion t o  another are valid only w-ithin the range of flight and e n s n e  
operating  conditions at which both  the  total-pressure and t o t a l -  
temperature ratios f o m  a 8 ingle  line. 

T h s ,  the data presented in figures  E(a) and 8(b) indicate  that  the 
jet thrust and specific fuel consumption can  be  predicted  within  the 
following ranges of  operating  condftions : (1) al t i tudes up t o  
35,000 fee t  at f l i g h t  Each numbers from 0.18 t o  0.71 and engine to ta l -  
temperature ratios above 2.30, (2) al t i tudes up t o  25,000 f ee t  at  
f l igh t  Mach nUmoer8 from 0.51 t o  0.71 and engine  total-temperature 
ratios above 2.00, m d  (3) al t i tudes up t o  35,000 f e e t   a t  a flight 
Mach  nwnber of 0.18 and engine  total-temperature  ratios above 2.80. 
The limltations imposed on the th i rd  operating  range  result frm the 
lack of data t o  substantiate  the  Validity of performance predictions 
at higher flight Mach numbers a;nd lower engine  total-temyerature 
ra t ios .  The reductfans in  total-pressure and -temperature r a t io s   fo r  
constant fue l  flow at altitudes above 35,000 feet can be attr ibuted 
to  the  reduction  in  caqonent  efficiencies  associated primarily w i t h  
Reynolds nmber  eff  ecte . 



It is of interest  t o  note  that for the range of altitudes  investi- 
gated the correlation & engine  total-temperature ratio  plotted &B a -__ 
functlon of corrected fuel flow (fig.  8(a)) was better than  the  corre- 
la t ion of either  corrected fuel flow or corrected  exhawt-gas  temperature 
plotted as function8 of carrected @ne speed (figa. 6(c) an(€ 6 ( f ) ,  P 

respectively). Thb phenomenon apparently  reeulted f r o m  simultaneous 
reductfom i n  cmpnent  efficiencies as al t i tude was increased i n  that 
the  corrected exhaust-gm tempratwe increased  with a reduction  in 
comgressor efficisncy whereas the  corrected fue l  flaw increased with  a 
rehuction In both compressor and combustion efficiency. The combined 
effects of these changes were such w t o  maintain good correlation i n  
t e r m  of pumping characteristfcs . 

.I I - 

N 
0 m 

The fallowing reeults w e r e  obtained from the  alt i tude ~ 3 r d  tunnel 
inveatigation of &he J47D prototype (RXL-1) turbojet engine operating 
w i t h  a f lxed-area  exhaust nozzle at simulated alt i tudes from 6000 to  
55,000 feet f o r  flight Mach  numbers frm 0.18 to  0.71: 

1. Generalized  engine performance data i-ndfcated that data obtained 
a t  a given al t i tude and fllght M a c h  number could be used t o  predict  net 
thrust f o r  altitudes up t o  55,000 f ee t  at a l l  operable  corrected engine 
speeds. Air flow could be predicted w i t h  reasonable accuracy f o r  
altitudes up t o  45,000 feet  over most of t h e  corrected engine speed 
range. Brfomnance varrlables dependent on fuel flow could be predicted 
for alt i tudes up t o  35,000 feet with minFmum errar a t  high corrected 
ewine speeds. " 

. .  

2. F r o m  engine pumping characteristics obtained at a given alt i tudo 
and flight Mach number, the jet thrwt and specific fuel consumption 
could be predicted  within t h e  following ranges of' operation  conditions: 
alt i tudes up t o  25,000 i'eet at flight Mach nwnbers from 0.18 to 0.71 
and o a n e  total-kmprature ratim above 2.30; altitude6 up t o  
25,000 feet e,% fllght Mach numbers from 0.51 t o  0.71 and engine total- 
temperature ratios above 2.00; an3 alt i tudes up to 35,000 feet at  a 
€'lie;ht Hac? number of 0.18 and engine tot&.- tqeratwe  ra t ios  above 2.80. 

. .. 

3 .  MLnl rmun  speoific fuel consumption of 1.05 was ob te ind  at engine 
speed of aboxt 6690 r p a  at altitudes from -6000 t o  35,000 f ee t   a t  a flight 
Mach number of 0.18. An inorease In  f l i gh t  Mach  numbem from 0.M t o  
9.71 at an altitude of 25,000 feet hcreased the minimum specific fue l  
consumption fram 1.05 t o  1.27, whfch were obtained a t  engine speeds of' 
6600 and 7300 rpm, respectively. 



2 NACA RM E5lB06 I 9 

4. A t  hi& engine speeds, an increase i n  al t i tude increased the 
exhawt-gm temperature, indicating  a  reduction in tanperatme-limited 

operation at rated engine speed at hfgh altitudes and low flight Mach 
0) engine s y e d  and the need for a vaiable-area exhaust nozzle for 
P 
0 a nmbera. 

Lewis Fli&t ,Progulsion Laboratory, 

Cleveland, Ohio. 
Eational Advirsory Committee for Aeronautics, 
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The following symbols were used on the f l guree  and calculations : 

croas-aectional area, s q  f t  

thrust scale reading, lb 

exhaust-nozzle jet coefficient 

r a t i o  of hot exhaust-nozzle area t o  cold exhaust-nozzle area 

external. drag of installation, lb 

exhaust -nozzle tail-rake drag, lb 

jet thrust, lb 

net thrust, l b  

fuel-air   ra t io  

acceleration due t o  gravity, 32.2 ft/sec2 

t o t a l  preseure, lb/sq f t  absolute 

static pressure, lb/sq f t  absolute 
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fuel flow, lb/hr 

s p c i f i c  fuel consumption, lb/(hr)(lb net  thrust) 

r a t io  of specific heats 

r a t io  of tunnel  static  pressure (po) to   the  absolute   s ta t ic  
-yeasure of NACA standard atmosphere at B e &  level 

r a t i o  of tunnel static pressure (pg) to  the  absolute static 
p?essure aiT NACA standEud altitude 

- .  . 

r a t i o  of t o t a l  pressure at compressor in le t  to absolute static 
pressure of NACA standard atmosphere at sea level 

r a t i o  of absolute  equivalent ambient s t a t i c  temperature t o  
absolute  static temperature of EACA standard atmosphere at 
sea level 

r a t i o  of absolute  equivalent ambient s t a t i c  temperature t o  
absolute  static  tempratme of NACA standard al t i tude 

r a t i o  of absolute t o t a l  temperature at compressor i n l e t  to 
absolute  static temperature of NACA standard atnosphere at 
sea level 

Subscripts : 

0 free alr stream 

1 engine i n l e t  

6 turbine  outlet 

7 1-in.  upstream CWP exhaust-nozzle out le t  

e equivalent 

r 

6 scale 

X i n l e t  duct 6 in. u-pstream of f r ic t ionless   s l ip- joint  flange 

Y in l e t  duct 2% in. damstream of f r ic t ionless   s l ip- joint  flange 
3 
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APPENDIX B 

METRODS OF CALCULATION 

NACA RM E5lB06 

Flight Mach number. - The flight Mach number assuming ccanplete 
ram pressure recovery was computed as 

Temperature. . -  Total temperature ~ t & 8  determined by ueing a 
calibrated thermocouple w i t h  impact-recovery factor of 0.85 from the 
indicated temperature by 

r-1 
Y 

Equivalent temperature. - Equivalent temperature w&8 obtained 
fram the adiabatic r e l a t ion  of pressures and temperatures, 

T1 t, = 
Y, -1 

J. 

Engine alr flow. - The engine air flow was determined from 
measurements at th.e engine inlet (station l), by 

(4) 

Thrust. - The thrust was obtained from two sources : (1) t he  balance- 
scale meesurments; & (2)  t he  temperature and the pressure measured at 
the nozzle outlet   (station 7). 
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KJ 
P 
0 
W 

J e t  thrust determined from the  balance-scale measurements was 
calculated from the equation 

The d.rag of the engine installation D was determined w t t h  the 
engine inoperative and with a blind flange installed at the engine in le t  
t o  prevent air flow .t;hrougJ1 the engine. The rake drag D, was measured 
by a pneumatic balance pieton mechanism. The last two t e r m   i n  
equation (5) represent  the mamenturn and pressure forces  acting on th8 

instal la t ion at t h e  slip jo in t   in  +he inlet-air  duct. 
8 

The net thrust was obtained by subtracting  the  equivalent momentum 
of the air at the w i n e  in l e t  f’rcun the Jet   thrust  

The ideal or rake jet thrust based on a survey at the exhmst-nozzle 
outlet, waa obtained from the equation 

Y7 -1 

FJ,r - y7‘1 - 2y7 (ATCTp7) k+p- -1 ++(+(“PO) ( 7 )  

When the j e t  velocity is supersonic, that  is, the exhaust-nozzle 
pressure r a t io  P 7 / p o  is greater than 1.85, the   s ta t ic  pressure at the 
outlet  can be determined from the  relation 

p7 
P7 = 

77 
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aCs1culated values. 

l60U 503 
1686 
1687 

501 

1690 
we 
481 

1186 484 
1190 470 

1180 
1191 473 

473 
1193 472 
1190. 474 
llQ0 
1189 

475 
47E 

13.91 
1181 

476 

1204 
477 

1191 
473 

1197 
498 

1196 
499 

1190 
500 
493 

778 4EO 
493 

777 46g 
770 469 
778 460 
781 467 
779 4M 
781  465 
778 4€4 
7Rl 458 

78e 
7aL 

467 
4e4 

781 464 

779 
781 466 

778 
458 

781 
464 
456 

778 
781 4 57 

777 
4 87 

777 
781 

468 

778 (€7 
4€8 

777 
781 471 

470 

778 
781 

4.58 

498 
472 
441 

494 441 
4W 441 
496 44 1 
499 445 
304 437 
303 443 
303 444 
3c3 4.m 
303 442 
JOJ 441 
306 44 0 
289 440 
SO8 
510 

440 
440 

So8 440 
3a5 
s10 

44 0 
uo 

3cQ 
1Be 

440 
4S6 

183 
165 

438 
457 

191 457 
1Bs 438 

LSBB 

tee 

- 

- 
auiv- 
Ilent 
mbleni 
emper- 
tture 

t e  
( O R )  - 
50s 

693 
603 

605 
503 
502 
506 * 
507 
508 

504 
494 
490 
402 

498 
600 

498 

46s 
4e9 
17s 
472 
470 
41e 

472 
471 

473 
478 

469 
476 

4TI 
477 

470 

4 59 
458 
4&a 
468 
466 
4522 

4 51 
452 

460 
4% 

437 
433 
436 
434 
433 
a 3  
454 

487 
43s 

427 
427 
426 
427 
428 
425 

T 
428 

441 

440 
440 

444 
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441 
437 
439 
439 
438 
438 
437 
458 
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436 

- 
4se 

+E 
434 
43s 
4s4 
434 - 

Engine- 
inlet 

f l W  
a i r  

l b / s e o )  
b , 1  

83.18 

78.48 
82.21 

73.40 
62.78 
49.39 
55.94 
24.10 
79.92 
m .39 
80.89 

7€.68> 
79.37 

€2.11 
73;bd 

48.48 
SI.  17 

69.83 
59.€6 
68.5e 
Se .47 
m.70 
46x0 
3.5.46 
24 .?5 
16.35 
10.22 

67.64 
C8.50 

66.78 
€3.19 
59.82 
39.85 
39.22 

37.10 
58.49 

Ea .12 
31 .as 
25.21 
17.18 
11 .b2 
8.27 

47.19 

46.81 
44 .so 
43.36 
57.41 
29.82 
20.76 
64 .17 
63.94 
63.35 

48.63 
50. 86 

42 .bO 

46.63 

2;1 
25.22 
25.29 

23.87 

+E" 
16.76 
16.48 
14.8e 
16.81 
14.94 
14 .SS 
13.76 
14.10 
12.96 
11.96 
10.40 
7.50 * 
9.34 
8.86 
8.81 - 
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- 
53300 

3406 
414 5 

2900 
2110 

1126 
1490 

2% 
6095 
4606 
3970 
3390 
2930 
2115 
1476 
1115 
855 * 

3776 
a406 
2970 
e500 
2150 
1570 
1050 
820 
€67 

4310 
550 

5680 

2 %  * 
e l m  
2460 

1658 
1764 

1113 

638 
79E 

502 
621 

3ee6 
e146 
2440 
1985 
16E€ 
1113 
676 

3470 
462 

$175 
2720 
2220 
1866 
1105 
1094 
420 

174 1 

1184 
1429 

1788 

10b8 
1C48 
979 
962 

701 
796 

€24 
eeo 

490 
667 

464 
431 

""_ ""_ 
1 .we 
1.091 
1 .198 
1.541 
8.724 - ""- 
1.1 
1.c 
1.c 
1.c 
1.1 

2.e 
l.E 

4 
1 .1  
1.c 

1.c 
1 .E 

1.c 
1.1 
1 . 4  

4.1 
2.e 

c 
!i 
12 
18 
11 
U 
io 
10 
!O 
0 ""_ 

1.W 
1.246 
1.240 

4% 
1.164 
1.118 
1.103 
1 .lee 
1.608 
1.184 

5.323 
7.445 

1 .e61 
1.29% 

1 .es2 
1 .e30 
1.249 
1.451 

32.l.30 
2 . n e  
1 .306 
1.294 
1.266 

1 .so7 
1.588 
1.528 

""_ 

1 . 2 4  

""_ 
1 .e27 
1.195 

1.422 
1.210 
1.168 
1.241 

1.484 
1.642 
8.1m 
3.622 
5.341 ;::z 
1 . S E  
1.428 

. 

l 
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6679 
4969 

4%- 
Boss 
7687 
7267 
6838 

orreo- 
ed net 
thrust 
Qn a l a  

( ib  1 

- 
"" 

"" 
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%& 
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6638 
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"" 
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6171 
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3708 
2563 
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"" 
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Figure 5. - Effect of flight Mach number on v a r i a t i o n  of engine per- 
formance w i t h  engine speed a t  a l t i t u d e  of 25,000 feet. - 
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(b) Air flow. 
Figure 5. - Continued. Effect of flight Mach number on variation 

of engine performance with engine speed at altitude of 25,000 feet. 
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Figure 5. - ContlriuGd. Effect  of f l i g h t  Mach number on var ia t ion  of 
engine performance with engine  speed a t  a l t i t u d e  of 25,000 f e e t .  
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(d) S p e c i f i c   f u e l  consumption. 
F igu re  5 .  - Continued.. Effec t  of f l ight  Mach number on var ia t ion  

of engine  perfomnance with englne  speed a t  a l t i t u d e  of 25,000 f e e t  
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Figure 5 .  - Continued. Effec t  of flight Mach number on variation of 
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Figure 5. - Concluded. Effect  of flight Mach number on v a r i a t i o n  of 
engine  performance with engine  speed a t  altitude of 25,000 feet. - 
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(b) Air f low.  

Figure 6. - Continued. Effect of altitude on variation of corrected 
engine performance with corrected engine speed. 
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(c) Fuel flow. 

Figure 6. - Continued.  Effect of altitude on variation of corrected 
engine  performance with corrected engine speed. 
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(d) Specific fuel consumption. 

Figure 6. - Continued. Effect of altitude on variation of corrected 
engine performance with corrected engine speed. 
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Figure 6 .  - Continued.  Effect of a l t i t u d e  on var ia t ion  of corrected c 

engine  performance wi th  corrected  engine  speed. 
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(f) ExhaUEt-gaE total   temperature .  

Figure 6 .  - Concluded. Ef fec t  of a l t i t u d e  on var ia t ion  of corrected 
engine  performance  with  corrected  engine  speed. - 
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Engine total-pressure ratio, P,/P~ 

(b) Effect of flight Mach number at altitude of 25,000 feet. 

Figure 7 .  - Conoluded. Variatlon of engine total-temperature ratio with engine total-pressure 
ratio. 
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Figure 8 .  - Concluded. Variation of engine total-temperature r a t f o  
and total-pressure ratio with corrected fuel flow. 
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